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The demands for energy conservation, envi- 
ronmental protection, and stable raw material 
supplies and prices are strongly competitive, 
and the complexity of this relationship has 
not been recognized in forming Federal 
policy. 

The means for resolving conflicts through 
coordinated economic and policy analysis is 
lacking, and implications for potentially 
affected materials industries, inadequate. 

A comprehensive policy for reconciling 
these competing goals is still far away, as this 
case study of automobile fuel-economy 
standards illustrates. 
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COMPTROLLER GENERAL OF THE UNITED STATES 

WASHINGTON, D.C. 20548 

To the President. of the Senate and the 
Speaker of the House of Representatives 

This report is part. of our continuing effort to illustrate 
the complexity of relationships amonq national energy, envi- 
ronmental, and materials goals --goals which often conflict 
with each other. The report. focuses on the automobile indus- 
try's fuel-economy (enerqy conservation) effor%s and their 
.impact. on the materials industry. The report indicates that 
implementation of fuel-economy standards may have severe ef- 
fects on supplies and prices of aluminum and rhodium and on 
employment. in the steel industry. 

In the future, we intend to draw from this and other 
reports in process to make recommendations for a forward- 
lookinq, consistent approach to balancing the tradeoffs of 
Federal policies with materials implications. 

~7e are sendinq copies of this report to the Secrekaries 
OF the Departments of Commerce and Transportation. 

&zkf.~ 
Comptroller General 
of the United States 
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COMPTROLLER GENERAL'S 
REPORT TO THE CONGRESS 

POLICY CONFLICT--ENERGY, 
ENVIRONMENTAL, AND MATERIALS: 
AUTOMOTIVE FUEL-ECONOMY 
STANDARDS' IMPLICATIONS FOR 
MATERIALS 

DIGEST --m--w 

The possible effects on the supplies and 
prices of four basic industrial materials-- 
iron and steel, aluminum, plastics, and 
rhodium-- were never explicitly evaluated 
by the Government before the automobile fuel 
efficiency standards were adopted. The stand- 
ards, enacted to reduce expensive oil imports, 
may result in increased aluminum imports of 
greater dollar value than can be saved by re- 
ducing oil imports. 

Thus, the U.S. balance-of-trade deficit may 
suffer rather than benefit. Furthermore, 
to meet fuel-economy and environmental (air 
quality) standards at the same time, automo- 
bile pollution control devices may require 
more rhodium than will be available and force 
the price of this scarce metal drastically 
higher. 

Both of these consequences contribute to un- 
stable, inflationary materials markets. 
Neither was foreseen when the standards 
were enacted because the Government made 
no systematic appraisal of their impact on 
ma'terials. 

On the whole, the complex and competitite 
relationship among national goals for energy, 
the environment, and materials has not been 
recognized in Federal policy formulation. 
Therefore, a means for resolving policy con- 
flicts, which may be brought to light through 
coordinated economic and policy analysis, is 
needed. 

MOTOR VEHICLE FUEL ECONOMY STANDARDS 
AND THEIR POTENTIAL EFFECTS ON MATERIALS 

The fuel-economy standards were established 
to reduce the adverse effects of heavy U.S. 

Tsar. Upon removal, the report 
cover date should be noted hereon. 

EMD-80-22 



reliance on imported crude oil from 

of 1973-74 required the automobile industry 
to almost double the fuel economy of pas- 
senger cars, raising average fuel economy 
from slightly less than 14 miles per gallon 
for 1974 model year to 27.5 miles per gal- 
lon by the 1985 model year. The act also 
required the Secretary of Transportation 
to establish light truck fuel economy stand- 
ards beginning with the 1979 model year. 

Because weight reduction is the cornerstone 
of the auto manufacturers' strategy to meet 
the fuel economy standards, the quantity of 
materials and how they are used in automo- 
bilesaand light trucks will change signifi- 
cantly. The average 1985 car will weigh 
about 1,100 pounds less than its 1975 coun- 
terpart; light-duty trucks will be at least 
250 pounds lighter. Major weight reductions 
began with the 1977 model cars through mini- 
mizing the exterior dimensions of cars with- 
out sacrificing passenger and load-carrying 
capacity. 

Reduced new car weight in the 1980s will 
be achieved primarily by replacing components 
and parts normally made of iron and steel 
with similar items made of lighter materials, 
for example, aluminum, plastics, and high- 
strength, low-alloy steel. Also, an advanced 
catalytic converter to reduce emissions 
without sacrificing fuel economy will require 
greatly expanded use of a precious metal, 
rhodium. 

Changing material consumption patterns for 
automobiles and light trucks could result 
in supply and economic disruptions. The 
materials industries most affected are iron 
and steel, aluminum, and noble metals. Higher 
prices, loss of jobs, and more imports are 
among the possible consequences. For instance, 
reduced demand for iron and steel may result 
in reduced job growth. At the same time, the 
increased demand for aluminum may require in- 
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creased imports and result in a net increase 
in the U.S. balance-of-payments deficit. 

EVALUATIONS NOT STRUCTURED TO 
ASSESS EFFECTS ON MATERIALS 

Feasibility studies for fuel-economy legisla- 
tion were concerned with reducing fuel con- 
sumption through improved vehicle fuel economy. 
They were also concerned with the relation- 
ships among fuel economy, automobile safety, 
pollution control, and employment in the 
automobile industry. The standards' possible 
effects on materials supplies and prices were 
not initially considered. 

Later feasibility studies for interim.fuel 
economy standards for cars and light trucks 
of the 1980s focused on the technical and 
economic practicability of meeting the pro- 
posed standards. Again, potential effects 
on materials industries and conflicts between 
the fuel economy standards and stable materials 
supplies and prices were not evaluated. 

Agency and industry comments 

The Environmental Protection Agency did not 
respond to GAO's request for comments on this 
report. 

The Department of Commerce agrees that there 
is a need to give greater consideration to raw 
materials questions when setting environmental 
and energy policy goals. Also agreeing that 
the fuel-economy standards are likely to in- 
crease prices and imports of aluminum and other 
raw materials, Commerce endorses the idea of 
explicit evaluation of the costs and benefits 
of alternative standards to reach a balance 
among public goals. 

The Department of the Interior also agrees 
that the effect on mineral supply and demand 
caused by proposed Federal activities should 
be evaluated. The Department's Bureau of Mines 
has been attempting to include such factors 
in supply-and-demand forecasts. 
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The Department of Transportation expressed 
belief that existing mechanisms for coordina- 
tion are adequate for balancing the tradeoffs 
among energy, environmental protection, and 
materials issues. According to Transportation, 
regulatory agencies are supposed to coordinate 
regulatory activities and consider specifi- 
cally the economic consequences for proposed 
and final regulations. 

GAO doubts the effectiveness of existing proce- 
dures. The essential inadequacy identified in 
this report is the lack of a means of resolving 
policy conflicts which may be brought to light 
through coordinated economic and policy analysis. 
Feasibility studies made prior to enactment 
of the fuel economy standards did not contain 
detailed analyses of the implications for po- 
tentially affected materials industries, most 
notably aluminum. Therefore, early policy deci- 
sions could not possibly have included balancing 
among the issues. This balance is still elu- 
sive, however, because merely investigating the 
unfolding consequences of the standards will 
not necessarily result in regulatory adaptation. 

General Motors, Ford, and Chrysler Corporations 
reviewed the draft of this report and generally 
concurred that the complexity of relationships 
among energy, environmental protection, and 
materials issues is not recognized by Federal 
policies. All three companies, however, object 
to the idea of an institutionalized materials 
policy and planning process, foreseeing such an 
activity as a prelude to another Federal con- 
trolling or regulatory body. 

GAO believes that additional regulation it- 
self is not justified by this case study of 
the automobile fuel economy standards. The 
precise nature of a policy-balancing mechanism 
to ameliorate the current parochialism in 
national policy formulation remains to be worked 
out. For the present, this GAO case study and 
others in process are simply intended to illus- 
strate the complexity of, and to stimulate thought 
and debate on, the problem. While GAO is not 
making any specific recommendations to the Con- 
gress at this time, it may in the future, after 
additional examination of the problem and po- 
tential solutions. 
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CHAPTER& 

PERSPECTIVE 

"There must be, somewhere, a mechanism for 
looking at a problem as a whole, for keeping 
track of changing situations and the interrela- 
tion of policies and programs." A/ 

Materials--iron, steel, aluminum, copper, wood, and 
chemicals-- are vital to America's health and future well- 
being. We believe that the pursuit of our most important 
national goals will require that we become more concerned 
about materials, and that we make an effort to develop an 
enlightened materials policy. 

Materials availability and prices will affect our suc- 
cess in trying to reach a full-employment economy. Materials 
are essential to our goal of balanced economic growth. Their 
prices can aid, or hinder, our efforts to reduce inflation, 
and they will have a significant effect on our balance of 
trade. Our use of materials will continue to have profound 
effects on the environment and may ultimately determine our 
success in reaching sustainable levels of production and con- 
sumption. Our materials needs also have an important influ- 
ence on our future relations with developing nations all over 
the world. 

Yet, despite their importance, there is a tendency to 
regard materials problems as subordinate to other national 
concerns. Consequently, the materials implications of many 
Government policies--for example, those designed to conserve 
enerqy, protect the environment, and safeguard worker health 
and safety --tend to be overlooked. This report is one in a 
series of GAO case studies to illustrate that tendency and 
its important, but unintended, side effects on the materials 
sector of our economy. . 

The focus of this report is the fuel-economy standards 
for new cars and light trucks and how these regulations may 
indirectly affect the future price and availability of cer- 
tain key materials used by American industry. They are alumi- 
num, iron and steel, plastics, and rhodium. 

A/The President's Material Policy Commission, "Resources for 
Freedom," Washington (U.S. Government Printing Office), 
1952, Vols. 1 to 5. As quoted in Materials Policy Handbook, 
Washington, (Government Printing Office), 1977, P. 26. 
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------- 
--I ---- .-...____. 

The Ewolicy,and Conservation Act of-3 the ---T-- first mayor "energy crisis** leglslatlon enacted after the oil 
embargo of 1973-74 required the automobile industry to almost 
double the fleet-average fuel economy of passenger cars over 
the 1975 to 1985 decade, raising it from slightly less than 
14 miles per gallon for the 1974 model year to 27.5 miles per 
gallon by the 1985 model year. The Secretary of Transporta- 
tion was required to establish maximum feasible passenger-car, 
fuel-economy standards for 1981 through 1984 and light-truck, 
fuel-economy standards beginning with the 1979 model year, 
Light-truck, fuel-economy standards have been established 
through model-year 1981. The fuel-economy standards estab- 
lished for cars are as follows: 

Model year 

1978 18.0 
1979 19.0 
1980 20.0 
1981 22.0 
1982 24.0 
1983 26.0 
1984 27.0 
1985 27.5 

Cars --miles per qallon, 
f leet-averaqe 

This report is not intended to be a criticism of motor- 
vehicle, fuel-economy standards per se. Rather, we hope this 
report will help to foster a better appreciation of the rela- 
tionships among energy, environmental goals, and materials 
supplies and prices. Competing demands that can result from 
pursuing conflicting policies give rise to the need for ex- 
plicitly considering all potential consequences when formu- 
lating policies. 

Chapter 2 of this report discusses how the change in 
materials used in cars and light trucks may affect iron and 
steel, aluminum, rhodium, and plastics industries. Changing 
materials composition of cars and light trucks brought about 
because of the fuel economy standards may have a significant 
effect on the demand and supply of the aforementioned 
materials. 

Chapter 3 shows that Government evaluations before enact- 
ment of the standards were concerned only with the technical 
feasibility of increasing automobile fuel efficiency. Accom- 
modating highway safety and environmental protection were the 
only criteria of that feasibility. 

Agency and industry comments are discussed in chapter 5. 
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Appendix I discusses the changinq quantities of materials 
and how they are used in automobiles and light. trucks to re- 
duce the weight and, thereby, increase their fuel efficiency. 
Automobile companies may greatly reduce the amount of iron 
and steel used in these vehicles and increase the use of 
such lighter weight materials as aluminum and plastics. 
Further, demand for rhodium will be substantially increased 
to meet emission control standards without sacrificing fuel 
economy. 

SCOPE OF REVIEW _ -- --___ 

Tn performing this case study, we reviewed past and 
pending legislation; congressional hearings related to the 
materials industry; auto industry responses to Department 
of Transportation data requests; Government studies, impact 
assessments, and environmental statements related to the 
fuel economy program: current long-range weight reduction 
goals of the auto industry; and related data, studies, and 
published statements. During the course of the study, we 
contacted officials of the Department of Transportation, 
the Bureau of Mines, the Environmental Protection Agency, 
(EPA) r the major domestic auto companies, and various mate- 
rials producers and associations. 

Copies of our draft report were submitted %o EPA, the 
Deparments of Commerce, the Interior, and Transportation; 
and the big %hree automobile companies--General Motors, Ford 
Motors, and the Chrysler Corporation--for comment. With the 
exception of EPA, all of the above organizations submitted 
formal comments on the draft report. (See apps. I through 
VI.) 
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CVAPTPR 2 --- 

EFFECTS ON MATERIALS 

SUPPLIES AND PRICES 

Increasing the fuel economy of new cars and light trucks 
by weight reduction will cause changes in the demand and 
availability of certain materials. Demand will decline for 
iron and steel and increase for aluminum, plastics, and 
platinum-group metals, possibly resulting in higher prices, 
loss of future job opportunities, greater imports, and envi- 
ronmental damage. An analysis of the changes in the demand 
for materials is not intended to be an overall evaluation 
of %he materials involved but ra%her to demonstrate (1) the 
relationship among energy, environmental, and materials issues 
and (2) how changes in one could produce changes in the 
others. (See app. I for details on automobile downsizing.) 

FUTURE IRON AND STEEL DEMAND 

The automotive industry, traditionally one of the biggest 
steel users, is downsizing cars and using substitute materials 
in cars and trucks to meet future fuel economy standards. 
Therefore, the iron-and-steel industry may lose a large share 
of its potential automotive market. 

Decreasing automotive requirements for iron and steel 
may have significant adverse economic consequences. Decreased 
demand may mean a decrease in potential sales and revenues, 
and potential new jobs. Furthermore, such consequences may 
be extremely localized, affecting the Great Lakes States 
(Pennsylvania, Illinois, Indiana, Michigan, and Ohio). These 
States have over 70 percent of the U.S. domestic iron and 
steel industry and are already burdened with unemployment. 

Profile of the iron and steel industry 

Few industries are as basic to the U.S.'economy as 
steel. The American steel industry in 1977 had an output 
of 126 million tons and iron castings' production of 16 
million tons, valued at $41 billion. The industry is made 
up of about 100 iron and steel producers, employing about 
761,0n0 people. 

Investment in the iron and steel industry during the 
last decade has not been attractive because of its low earn- 
ings and inadequate return on investment. Federal Trade 
Commission data show that industry profits (after taxes) 
peaked in 1974 at $3.1 billion. 
1977 when they were $838 million. 

Profits declined through 
Preliminary data indicates 
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that 1q78 profits will be hiqher than 1977's hut. only about. one- 
half of the lo74 record profit level. The Council on Wage 
and Price Stability attributed the poor profit. performance 
to extraordinary increases in production costs and low utili- 
zation of capacity. 

Potential decreased demand implications _. _ _- _..._ _ .- -..___ -.--.- .___-. -____--. .__ ____-- 

Instead of the automotive requirements for .iron and steel 
incrcasinq as annual new car and liqht truck sales increase, 
downs izinq and materials substitution may actually prevent 
demand qrowth. We estimate that, in the absence of offsetting 
demands, potential qrowth in automotive requirement for iron 
and steel by 19PS will be reduced by 10.2 million tons. This 
represents a decreased iron and steel demand of 11.3 million 
tons offset by the anticipated increased demand for high- 
strength, low-alloy steel of 1.1 million tons, or a net. 10.2 
million tons. 

In computinq the automotive industry's anticipated 
material requirements for the 1985-model-year passenger car 
and liqht. trucks and the potential problems that could arise 
due to this shift, we considered the following information: 

--Data from three domestic automobile manufacturers 
showing the material content of their average 1975 
passenqer car and 1977 light truck and the material 
composition goals for their average 1985 counterpart. 

--Data from steel industry officials relating to scrap 
and replacement part rates and job opportunities per 
ton of steel produced. 

--Statistics from the Department of Transportation 
showinq 1975 model year sales for cars and 1978 model 
year sales for trucks and both of their projected sales 
for 1985. 

--Statistics from the Council on Wage an'd Price Stability 
for the price of steel. 

The siqnificance of a potential 10.2-million-ton decrease 
is better understood when viewed in the light of total steel 
shipments. In 1975, shipments to the automotive industry 
amounted to 15.3 million tons, or 19 percent of the 80 million 
tons shipped to all markets. A reduction of 10.2 million 
tons would represent. about. 13 percent of the total steel 
shipped to all industries in 1975 and nearly 67 percent. of 
the steel shipped to the automotive industry. 



Distribution of the Domestic Steel Demand in 1975 

source: GAO data 

For the past several years, the steel industry has en- 
countered difficulty in raising the capital needed for plant 
alteration to meet environmental requirements and to modern- 
ize older facilities to compete with foreign steelmakers. 
Difficulty in raising capital reflects its low profit and re- 
turn on investment in relation to other industries. If indus- 
try profit levels cannot be maintained, the industry could 
encounter additional difficulty in attracting new capital. 
Sudden decreases in markets could adversely affect industry 
profits and restrict the ability to develop new products. 

Reduced use of steel in automobiles and light trucks 
could have important employment ramifications. The steel 
industry estimates that about 5,500 jobs are directly asso- 
ciated with each 1 million tons of steel produced. If domes- 
tic iron and steel automotive requirements are-reduced by 10.2 
million tons,. direct job opportunities possibly lost in the 
steel industry could be about 56,100 in 1985. An additional 
67,320 job opportunities in other industries could be lost 
as well. A study by the Academy for Contemporary Problems, 
completed for the U.S. Department of Commerce, stated that 
for each direct job lost in the steel .indus%ry, an additional 
1.2 jobs are lost in other industries located in the approxi- 
mate geographical area. Considering both direct and indirect 
employment, reduced steel requirements by the auto industry 
could result in the loss of 123,400 potential jobs. 



In contrast. to pot.ent.ial decreases .in auto industry 
steel demand , the demand for aluminum may increase sign.if.i- 
cantly. The consequences of such a shift could be substantial 
pr ; cc? increases, increased imports, and significant displace- 
ment of existing aluminum users. Energy may simply not be 
available at. the right price to expand domestic capacity to 
tnr:r!t the growing need for aluminum. 

The world production of primary aluminum in 1977 was 
14.7 million tons, concentrated in North America, Europe, 
and ,Japan. In that year, the United States produced 4.5 
mlll.ion tons of primary aluminum in addition to importing 
n-35, 000 tons, and recycling 531,000 tons. Domestic indus- 
tries consumed 5.3 million tons of aluminum. Consuming 
intlustr its were: building and construction, 25 percent; con- 
tainers and packaging, 22 percent; transportation, 21 percent; 
electrical, 11 percent.; consumer durables, 9 percent; and 
other uses, 12 percent. 

The basic raw material used to make aluminum is alumina, 
which is principally derived from bauxite ore. The IJnited 
States imports virtually all its bauxite requirements and 
about 3fl percent of its alumina requirements. 

Estimated increased demand -_ -. -- --- -.-.- - -..----.- 

In 1375, automotive demand for aluminum was 500,000 tons, 
or ahot~t as much metal as the United S%ates imports. Accord- 
inq to data provided by the auto industry, 1985 cars will 
contain an average of 214 lb. of aluminum, and aluminum 
sh.ipments must average over 290 lb. per car to meet this 
requirement. This projected 1985 demand .ind.icates the auto 
industry would need about. 2.2 million tons of aluminum, 
an increase of 1.7 m.ill.ion tons over 1975 needs. 

Aluminum industry officials are more opt.im>stic about 
future aluminum demand than auto manufacturers. They claim 
that the amount of aluminum in 1985-model cars may be twice 
that. estimated by the auto manufacturers. Realization of 
this forecast would mean the United States could face major 
aluminum shortfalls and price increases unless auto and light 
truck sales significantly decrease by 1985. 

Energy availakilit~ ---.-._ -.. ..- -.-- _.-.-__ 

Much uncertainty exists among domestic aluminum manu- 
facturers as to the cost. and availability of energy in this 
country. The conventional process by which alumina is smelted 
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t0 pr(>tlUCC~ a1urGnum is hirlhly enerqy-intensive. Therefore, 
[Jlarl:; are 1 imitecl for expand.inq and/or building new smeltinq 
caJ)acity in the United St.ates. 

I)urinrl 1977, a siqnificant part of the total 1J.S. 
aluminum-I,1-orlucin<l capacity was closed due to hydroelectric 
~)owetm curtai lmc.tnts in the Pacific Northwest caused by drought 
concli t ion:; and other I)rohlF7ms. Furthermore, the Bonneville 
Powc r Adm i n i !i t- I.3 t i on , the primary enerqy supplier in the 
Paci f ic Northwest, notified the six primary aluminum producers 
in this rorlion that (1) by the 198Os, projected electric power- 
clencratinq capacity in the area would not be sufficient to 
rnczct expn(-ted demand and (2) existinq contracts with aluminum 
r)roducers for power, which expire in the mid-1980s, would not 
be renewed . In 1977, this region represented 31 percent of 
the [J.S. domestic product.ion capacity. Continued operation 
of aluminum plants in the Pacific Northwest after the 1980s 
will bc contingent on satisfactory allocation of available 
r>owr:r ~rnon(~ industrial, commercial, and residential users 
anal on (!t~vr!loprn~?nt of additional energy sources in the area. 

Two :;meltinq plants in Texas, previously shut down be- 
c a u s t.f 0 f h i q h e n c r q y c 0s t s , were to be reopened in 1979. 
Howc!vc!r , a proposed expansion project was cancelled due to 
the inability to secure a firm power contract from the local 
utility. 

The U.S. aluminum industry’s share of world aluminum 
rjroducinq capacity has fallen from 42 percent in 1960 to 29 
percent in 1977. Further, given current concerns about energy 
availability and price, most of the qrowth in primary aluminum 
capacity probably will continue to take place in other coun- 
tries. 

Possible tensions between 
competing I)ublic policy objectives 

Slow cyrowth in domestic aluminum production* capacity and 
increased automotive demand are likely to transform aluminum 
usaqe. Ar, prices increase in response to large demand and 
1 imi ted sul)ply , many existing users of aluminum will be forced 
to :iut>sti tute cheaper or more readily available materials. 
The imp1 ications of qrowinq aluminum prices and resulting 
sut:,st.itutions, which may be siqnificant for the national 
economy, wi 11 t)F? the by-product, not the goal, of Federal 
1~01 icy. 

The automobile industry’s estimated requirements for 
1985 are 2.2 million tons of aluminum. This fiqure repre- 
sents sul).r,tantinlly more than 48 percent of 1977 capacity 
for I)roduc* i ncl [jr imary aluminum in the [Jnited States. 



nro-iected aluminum imports for 1985 are estimated at 1.6 
million tons. Th.is estimate, if correct, almost equals the 
projected net increase in automotive aluminum requirements. 
At. 1977 List prices, such imports would cost about $1.6 bil- 
lion. Assuming around 10 percent real price increase in con- 
stant dollars for aluminum, imports might cost about $1.8 
billion. If energy savings from aluminum substitution in 
automobiles saved only 50 million barrels of imported oil, 
at $19 per barrel in constant 1977 dollars, our annual bal- 
ance of trade deficit on this exchange might increase $850 
m.illion as a result of improving gasoline mileage in 1985 
automobiles. Yet. the assumptions about energy savings and 
costs of mandatory fuel conservation requirements have never 
been critically examined or modified by the Government agen- 
cies involved. 

PLASTICS DEMAND _- --.. - _--.. _ -...- 

Increased automotive plastics and landfill -- .-... ----- --_.--- 

Like aluminum, the use of plastic materials in automo- 
biles will increase substantially by 1985. The amount of 
plastics used in 1985 automobiles will be about 1.5 million 
tons, three times the amount used in 1975. This increase 
will result .in some additional problems in both the scrapping 
and disposing of solid waste. 

Scrapped automobiles are one of the most recycled post- 
consumer products. Historically, 6 to 8 million cars have 
been scrapped per year of which 80 percent are recycled 
for their metal and material content. Vehicles are generally 
scrapped after 7 to 13 years of service. The primary economic 
incentive for recycling scrapped cars has been the recovery 
of iron and steel. However, these economic incentives have 
not existed for recovery of plastic materials. As a result, 
plastic ma%erials have gone into sanitary landfills where, 
along with other waste, they are compacted and covered with 
soil to allow eventual re-use of the land. 

Crushed or ground plastics, in minuscule amounts, mix 
well with soil, acting as an inert soil conditioner, and actu- 
ally improve the soil agriculturally. Large amounts of 
plastics, however, may be a problem. 

A Department of Transportation study indicated that the 
projected increased use of plastics in automobiles may worsen 
any solid waste disposal problem. The concern primarily was 
that plastics do not readily decompose. 

NOW it seems that the additional plastics to be used in 
automobiles may be a major disposal problem only in areas 
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where landfill space already is scarce and any increase in 
fill is undesirable. 

Burning plastics as an energy source 

An alternative to disposing of plastic materials in land- 
fill is to recover the energy and basic feedstocks locked 
inside the plastic. Such recovery could be accomplished by 
use of the technique of pyrolysis and advanced incineration 
techniques. Pyrolysis breaks down plastic materials into 
gases that can be used again to make new plastics. Incinera- 
tion is burninq scrapped plastic materials to generate steam 
for conversion to electricity. Incineration is the most ef- 
fective use of plastics scrap. 

Though one type of plastic , polyvinyl chloride (PVC), 
emits poisonous fumes when burned, most plastics do not. Air 
pollution from incinerating plastics is controllable. How- 
ever, emissions of polyvinyl chloride could pose significant 
environmental problems if the levels grow in the future. 
EPA is concerned and determined to keep PVC burning at a low 
level and will monitor the industries' production. 

Automotive plastics' future 

If the value of the plastic in automobiles is high enough 
for recovery, auto scrappers will collect plastic scrap as 
well as metals. However, if the value of plastics is too low 
to make recovery profitable, auto scrappers will dispose of 
plastics by burning or by landfill, whichever is the most 
economical. In general, the increase in automotive plastic 
is not expected to be a major problem. 

RHODIIJM DEMAND MAY EXCEED AVAILABILITY 

The demand for rhodium will significantly*increase with 
the use of the 3-way catalytic converter on 1981 cars. Though 
few catalytic converters now contain rhodium, most will in 
1981. The Bureau of Mines estimates that the automobile 
industry could use as much as 50,000 troy ounces in 1981- 
model-year cars. The Ford Motor Company projects industry 
demand at only 22,OOn troy ounces. The Bureau's estimate 
equals almost 30 percent of the 1977 estimated worldwide 
rhodium production of 177,0(!0 troy ounces. 

Rhodium is a member of the very scarce platinum metal 
group which includes platinum, ruthenium, iridium, and osmium. 
ft. is a by-product from platinum ore mining and refining op- 
erations and is not mined alone. 
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In 1977, 92 percent of U.S. platinum-metal-group 
consumption (2.5 million troy ounces) were imported. The 
Republic of South Africa provided about 49 percent of U.S. 
imports. The remainder came from the Soviet Union and the 
United Kingdom, which imports most of its platinum metals from 
South Africa. According to the Bureau of Mines, sizable do- 
mestic deposits of platinum group metals exist but are unde- 
veloped, poorly defined, and subeconomic at current prices. 
The price of rhodium would have to approach $2,000 to $3,000 
per troy ounce to make U.S. resources economic. Therefore, 
imports will continue to be required to meet the needs of 
domestic industries. 

Rhodium is refined at a ratio of about 19 parts platinum 
to 1 part rhodium. General Motors Phase II converter, sold 
in some 1978 model cars in California, used a platinum to 
rhodium ratio of 2.5 to 1. According to General Motors offi- 
cials, continuing experimental work may reduce the amount of 
rhodium used in the 3-way converters. As a matter of fact, 
current Department of the Interior data indicates that cata- 
lytic converters for 1981- and 1982-model cars are expected 
to require very near the mine ratio. 

Even if the automobile industry develops a 3-way con- 
verter consistent with the mine ratio, a demand for 50,000 
troy ounces of rhodium in 1981, as forecast by the Bureau of 
Mines, could cause undesirable supply and price alterations. 
The auto industry's needs for rhodium may have to be met by 
increased production of platinum group metals to meet both 
automotive and other industry needs. In the United States, 
the chemical, glass, electrical, and jewelry industries also 
require rhodium. A recent increase in glass industry demand 
is keeping rhodium in short supply at present. In 1979, the 
auto industry began buying large amounts of the metal, per- 
haps to stockpile the rhodium necessary to meet its 1981- 
model year requirements. * 

The supply situation for rhodium could be further 
complicated in the mid-1980s when the platinum/palladium 
in current catalytic converters is recycled. Recycling 
these two metals may reduce demand for newly mined platinum 
group metals. A problem will arise if growing demand for 
rhodium can be met only by mining the platinum group ore. 
Platinum producers are not likely to increase production 
for rhodium alone. 

Short supply of a material generally drives its price 
UP* Rhodium prices have, in fact, increased dramatically 
in the last year, from $530 a troy ounce in September 1978 
to $800 a troy ounce in August 1979. According to the Cana- 
dian Ministry of Natural Resources, the emergence of rhodium 
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as a vital component of auto-emission devices of the near 
future is precisely what drove up the price of rhodium so 
dramatically in 1977 and 1978. The Ministry further states 
that many sources anticipate even higher prices, primarily 
because the amount of rhodium available to the U.S. auto in- 
dustry from South Africa may be limited. The Bureau of Mines 
platinum group metal specialist expects the price of rhodium 
to exceed $1,000 a troy ounce in 1980. 

If the production of platinum or palladium were increased 
just to produce more rhodium, the market for these two pre- 
cious metals would be glutted, substantially driving down 
the price of platinum or palladium (making them unprofitable 
to produce) and increasing the price of rhodium to make up 
for depressed prices of the other metals. 

Under such circumstances, either (1) the United States 
might not be able to obtain enough rhodium or (2) the metal's 
price may increase tremendously. This is especially important 
when one realizes that, by now, little can be done to change 
1981/1982 catalytic converter designs. 
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CHAPTER 3 

GOVERNMENT EVALUATIONS NOT STRUCTURED 

TO ASSESS MATERIALS IMPLICATIONS 

Heretofore, the Government, when establishinq and 
implementing various energy and environmental policies, has 
done so without adequately recognizing the potential impacts 
on materials availability and the basic domestic material in- 
dustries. This situation is illustrated by various Government 
studies and evaluations of the vehicle fuel-economy stand- 
ards. These assessments were chiefly concerned with the tech- 
nical feasibility of achievinq improved fuel economy and the 
resulting reduction in fuel consumption. The evaluations took 
into consideration the fact that the materials used in cars 
of the future would change but did not fully assess the im- 
pact of these changes. 

The Government evaluations were not structured to assess 
the materials implications of the fuel-economy standards since 
the Department of Transportation's prime responsibility was 
to evaluate the feasibility of these standards. But, the Con- 
gress was not provided information by the regulatory agency 
as to potential effects these fuel-economy standards could 
have on the aluminum, rare metals, and iron and steel indus- 
tries. These are increased aluminum imports, potential supply 
problems associated with rare metals used in new car emission 
controls, and the employment implications of diminished iron 
and steel requirements. Further, the Congress was not alerted 
to the need for a continuing analysis of potential adverse 
impacts or the need to develop current or future alternative 
strategies to reconcile competing policy objectives. 

EVALUATIONS OF REDUCING FUEL CONSUMPTION 

Feasibility studies for fuel-economy standards were con- 
cerned with (1) reducing fuel consumption through improved 
vehicle fuel economy, (2) the relationships between fuel econ- 
omy and automotive safety and between fuel economy and emis- 
sion control, and (3) the impact of such standards on auto 
industry employment. 

A joint report by the Department of Transportation and 
the Environmental Protection Agency sent to the Congress in 
October 1974--l year before enactment of the fuel-economy 
legislation-- found that improved automobile fuel economy was 
practical and feasible. Its major findings were that: 

--A 20-percent fuel economy improvement in the new model 
automobile fleet of 1980 compared to 1974 could be 

13 



achieved with little price increase. The full range 
of potential improvement is 40 to 60 percent. 

--Fuel economy improvements obtained while simultaneously 
achieving interrelated objectives such as low emissions 
and occupant safety would involve competition for capi- 
tal, expertise, and resources. Impacts, some of which 
may require compensating action, include: 

1. A 40-percent fuel economy improvement over 1974 
would increase the price of new cars up to 10 per- 
cent. Savings in operating and maintenance costs, 
however, would more than offset these price in- 
creases. 

2. A shift to the more fuel-efficient small cars, with- 
out concurrent upgrading of their crash-worthiness 
or increased utilization of effective passenger 
restraints, would result in more serious injuries 

.and deaths on the highway. 

3. Achievements of the statutory emission standards 
for hydrocarbons and carbon monoxide with substan- 
tial fuel economy improvement was feasible in the 
new car fleet of 1980 compared to 1974. 

4. Dramatic savings in petroleum could result from 
these fuel economy improvements. 

The Department of Energy and EPA recognized that a vehicle 
weight reduction of up to 1,000 lb. in 1980 for large and 
mid-size cars was possible through downsizing and material 
substitution. The study pointed out that the aluminum and 
plastics industries may experience increased demand, while 
the comparative lightness of future cars meant using less 
iron, steel, and a few other materials. 

Another report entitled, "Fuels and Materials Resources 
for Automobiles in the 1980-1990 Decade," published in March 
1976, but in draft form prior to enactment of the fuel economy 
standards, identified the changing quantities in materials to 
achieve vehicle weight reductions. The report showed that: 

--The weight of automobiles would decrease between 500 
and 1,000 pounds by 1980 primarily due to reduced 
weight of carbon steel and common steel components. 

--An aluminum capacity expansion rate of 6 percent would 
be adequate to cover incremental aluminum demands up 
to 300 pounds per automobile until the late 1980s with- 
out a significant increase in price. 
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--Up to 300 additional pounds of plastics per vehicle 
could be included in automobiles in 1985. 

--The long-run supply situation for high-strength, low- 
alloy (HSLA) steel was adequate. 

The report concluded that most materials used in the 
automobile would be available in adequate supplies at low 
enough costs to allow normal growth of the automobile indus- 
try. 

When establishing interim fuel-economy standards for 
cars and light trucks in mid-1977 and early 1978, the Depart- 
ment of Transportation focused on the practicality--technic- 
al and economic-- of the domestic automobile industry's 
meeting proposed fuel standards. Transportation's assessments 
for cars during 1981-84 and light trucks during 1980-81 showed 
that materials substitution would decrease the normal auto- 
motive demands for iron and steel, but demand for alumi- 
num, plastics, and HSLA steel would increase. Transportation 
officials stated that these changes in demand were insignifi- 
cant in relation to total U.S. consumption in 1975. For exam- 
pie, the increase in aluminum demand was less than 10 percent 
of 1975 consumption. They concluded, then, that the fuel- 
economy program would not significantly affect the various 
domestic materials industries. 

Another Transportation official stated that the studies 
mentioned above were primarily concerned with establishinq 
the feasibility of the automotive industry's increasing fuel 
economy and identifying the potential fuel savings. Further, 
this official stated that materials analysis was restricted 
to the overall availability of materials to achieve fuel econ- 
omy goals. 

Aluminum 

The various Department of Transportatfon analyses and 
reports to the Congress on possible use of more aluminum to 
achieve greater fuel economy in new cars concluded that this 
increased use could be accomplished with relative ease and 
minimal effect on the aluminum industry. Our analyses of the 
possible impacts of increased use of aluminum identified 
several potential problems with regard to supply and cost that 
we believe should have been brought to the attention of the 
Congress. 

When initially establishing fuel-economy standards, 
a Department of Transportation evaluation concluded that the 
projected aluminum capacity expansion rate of 6 percent would 
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be adequate to cover increased automotive demand without a 
significant price increase. In the 1979 annual report to 
the Congress, the Department further pointed out that the 
increased use of aluminum could substantially increase employ- 
ment in the aluminum foundries. 

Our analysis indicated that the shift to the use of more 
aluminum in new cars could result in possible adverse conse- 
quences that could be of equal importance to reducing the 
imports of petroleum. For instance, about the same time as 
the Transportation study concluded that a sufficient supply 
of aluminum would be available to meet future automotive re- 
quirements, two independent assessments lJ of the availability 
of aluminum clearly showed that the United States would have 
to import more aluminum in the near future as domestic demand 
outstrips domestic production capacity. One study showed a 
similar trend and also indicated a potential national and 
worldwide shortage of aluminum in the early 1980s. 

Further, as we point out in chapter 2, the need to import 
aluminum to meet increased demand could actually increase the 
U.S. balance-of-payment deficit, since the savings in the dol- 
lar value of petroleum imports could be less than the dollar 
value of increased imports of aluminum. 

Furthermore, while immediate action may not be necessary, 
the Congress would have had a basis for requesting the Depart- 
ment of Transportation to make a continuing analysis of the 
situation. That analysis would address the overall balance- 
of-payments deficit problem if aluminum demand became a more 
significant problem than energy conservation. The Congress 
would thus be in a more knowledgeable position to direct reme- 
dial action. 

Iron and steel 

In discussing the impact of the fuel-economy standards 
on the iron and steel industry, the Department of Transporta- 
tion's 1979 annual report pointed out that the industry did 
not need to expand capacity to meet the future demands of the 
auto industry. Increased iron and steel demand to meet the 

I.-/Statement of the president of Kaiser Aluminum and Chemical 
Corporation before the U.S. Senate Committee on Energy and 
Natural Resources, April 15, 1978; and "Long Range Aluminum 
Mobilization Outlook 1985-1990," Federal Preparedness 
Agency, General Services Administration, February 1978. 

16 



projected increase in new car sales would be offset by the 
use of less iron and steel in the new cars. The report con- 
cluded that the demand for iron and steel by the auto industry 
in 1985 would be about the same as it was in 1977. 

Given the highly sensitive employment implications re- 
sulting from differing auto sales projections, it is important 
that the Department of Transportation's estimates for auto- 
motive steel requirements be carefully and periodically re- 
viewed. 

Rhodium 

The auto industry has committed its resources to a spe- 
cific technological solution, the 3-way catalytic converter, 
to meet air emission requirements. This approach to the emis- 
sion problem may entail dependence on precious metals re- 
sources that are simply not present in the required quanti- 
ties. Whether or not the United States will be able to obtain 
adequate rhodium for automobiles, or face significant rhodium 
price increases, may depend on temporary adjustments of the 
emissions standards. No serious analysis of these trade-offs 
has ever been considered. 
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CHAPTER 4 

CONCLUSIONS AND DISCUSSION OF AGENCY AND 

INDUSTRY COMMENTS 

Supplies and prices of four basic industrial materials 
are likely to be affected by implementation of the automobile 
fuel efficiency standards--iron and steel, aluminum, plastics 
and rhodium. The potential effects, discussed in chapter 2 
range from uncertain, in the case of iron and steel, to prob- 
ably significant, in the case of aluminum. Ye%, none of these 
possible effects was explicitly evaluated before the stand- 
ards were adopted. 

Furthermore, decisions regarding implementation of the 
auto fuel-efficiency standards--such decisions as schedules 
for compliance, acceptable technology, resolutions of con- 
flicts with other national goals-- can either magnify or re- 
duce the economic side effects of the standards. Originally, 
decisions to create the standards were made without benefit 
of detailed evaluations of potential materials implications, 
and current decisions continue to be made in an essentially 
single-priority atmosphere. 

Though the Department of Transportation now gathers 
materials-related information, the Federal Government, as a 
whole, still lacks an administrative mechanism to balance 
the tradeoffs among energy, environmental, social, and econo- 
mic issues implicit in regulatory decisions. As priorities 
change to accommodate new circumstances, regula%ory flexi- 
bility becomes essential. The fuel-economy standards portend 
increased aluminum imports. However, the Department of Trans- 
portation's primary goal for the fuel-economy standards will 
continue to be reducing automotive petroleum'consumption. 

This case study illustrates the need for a balanced 
policy formulation approach, most recently advocated by the 
National Commission on Supplies and Shortages in 1976: 

"Some means must be found to integrate the * * * 
information produced by the agencies and depart- 
ments into a comprehensive picture of how Govern- 
men% policies combine to affect basic industry and 
beyond that, the broad National interest. Means 
also must be found to alert high-level decision- 
makers to the possible consequences of events 
which separa%ely may be of little concern, but 
%oget.her can foreshadow major problems." 
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We concur that there is a need for an institutionalized 
policy and planning process to mitigate or avoid future, 
significant problems of materials availability. The basis 
for our position is set forth in a recent report, "Learning 
to Look Ahead: The Need for a National Materials Policy and 
Planning Process," (EMD-79-30, April 19, 1979). 

We believe that the minimum goal that must be pursued 
was correctly expressed by Leonard Fischman of Resources for 
the Future: 

"Any one Federal decision is likely to be multi- 
faceted, impacting on the public welfare and the 
mix of individual welfares in many direct and 
indirect ways. It is not at all clear that con- 
sistency of Federal decision with regard to their 
impact on materials costs and supplies will lead 
to consistent results in terms of optimization of 
either the general or particular welfares. What 
is important is only that the way in which any 
kind of decision impacts on welfare by way of an 
impact on materials not be inadvertently overlooked 
or slighted and that one such decision not inad- 
vertantly detract from another such decision." 
[Emphasis in the original.] lJ 

Agency and industry comments -- 

EPA did not respond to our request for comments on this 
report. 

The Department of Commerce agrees that there is a need 
for qreater consideration to raw materials questions when 
setting environmental and energy policy goals. Also agree- 
ing that the fuel-economy standards are likely to increase 
prices and imports of aluminum and other raw materials, Com- 
merce endorses the idea of explicit evaluation of the costs 
and benefits of alternative standards to reach a balance 
among public goals. 

The Department of the Interior also agrees that the 
effect on mineral supply and demand caused by proposed Federal 
activities should be evaluated. Current attempts by the 
Bureau of Mines to include such factors in their mineral 
supply and demand forecasts are examples of its efforts to do 

l/F.ischman, Leonard L., _- 'Materials Information Systems for 
Federal Policy Making," as quoted in Government and the 
Nation's Resources, ---- .------i-.- The Vational Commission on Supplies and 
Shortages, Washnngton, D.C., 1976, pp. 110 and 111. 

19 



so. Interior believes that steel demand would probably have 
fallen despite the fuel-economy standards because the auto 
companies would have produced lighter vehicles in response to 
consumer demands. 

The Department of Transportation, however, expresses the 
belief that existing mechanisms for coordination are ade- 
quate for balancing the tradeoffs among energy, environmental 
protection, and materials issues. According to Transportation, 
regulatory agencies are supposed to coordinate regulatory 
activities and consider specifically the economic consequences 
for proposed and final regulations. 

We doubt the effectiveness of existing procedures. The 
essential inadequacy we identify in this report is the lack 
of a means of resolving policy conflicts that may be brought 
to light through coordinated economic and policy analysis. 
Feasibility studies made prior to enactment of the fuel- 
economy standards did not contain detailed analyses of the 
implications for potentially affected materials industries, 
most notably aluminum. Therefore, early policy decisions 
could not possibly have included a balance among the issues. 
This balance is still elusive, however, because merely in- 
vestigating the unfolding consequences of the standards will 
not necessarily result in regulatory adaptation. Further- 
more, recent experience suggests that future regulatory 
changes, when made, will probably be in response to crises 
rather than as part of an effort to anticipate future needs. 

General Motors, Ford, and Chrysler reviewed the 
draft of this report and generally concurred that the com- 
plexity of relationships among energy, environmental pro- 
tection, 
policies. 

and materials issues is not recognized by Federal 
All three companies, however, object to the idea 

of an institutionalized policy and planning process, fore- 
seeing such an activity as a prelude to another Government 
controlling or regulatory body. 

We believe that additional regulation by itself is not 
justified by this case study of the automobile fuel economy 
standards. The precise nature of a policy-balancing mechanism 
to ameliorate the current parochialism in national policy 
formulation remains to be worked out. For the present, this 
case study and others in process are simply intended to illus- 
trate the complexity of the problem and to stimulate thought 
and debate. While we are not making any specific recommenda- 
tions to the Congress at this time, we will in the future, 
after additional examination of the problem and potential 
solutions. 
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APPEYDIX I I 

SIGNIFICANT CHANGES IN 

MOTOR VEITICLES 

The quantity of materials , primarily iron and steel, 
aluminum, plastics, and rhodium, used in the average auto- 
mobile and ligh truck is changing significantly under on- 
going weiqht-reduction programs of automobiles. They are 
being designed to achieve a substantial portion of the 
federally mandated fuel-economy standards, established in 
1975. The Federal Government's fuel economy program, which 
establishes mileage standards for automobiles and light 
trucks with a gross vehicle weight rating up to 8,500 pounds, 
is one of the many programs directed at attaining national 
energy goals. The goals include increased domestic supplies 
of enerqy, reduced growth in energy demand, and protection 
from future energy embargo or energy emergencies. 

Weight reduction is the cornerstone of auto manufac- 
turers' strategy to meet the Government's mandated fuel 
economy standards. The average 1985-model car could weigh 
about 1,100 pounds less than it 1975 counterpart, while 
light trucks may be about 250 pounds lighter. Weight reduc- 
tion is being accomplished by downsizing and substituting 
liqht weiqht for heavy materials. Major weight reductions 
from downsizing began with the 1977 model cars. Most 
downsizing will be completed in 1981-model-year cars. In- 
creased u&e of substitute materials will account for most 
of the additional weight reductions up to 1985-model-year 
cars. 

LESS WEIGHT 

Data furnished by the three largest domestic automobile 
manufacturers indicates that the steel and iron content of 
each 1985-model car will be nearly cut in half while quanti- 
ties of more weight-efficient materials--aluminum, plastics, 
and high-strength, low-alloy (HSLA) steel A/ --will replace 
iron and steel as illustrated: 

--------.---- 

l/HSLA is steel to which small quantities of alloys are added 
to increase it strength/weight ratio. 
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Average car 

Materials 

Iron 

Steel 

HSLA steel 

Aluminum 

Plastics 

1975 1985 

(pounds) (pounds) 

657 310 

2,468 1,388 

82 254 

90 214 

150 281 

Other materials 356 
(note a) 

257 

Total weight 3,803 2,704 

Change 
Pounds Percent 

-347 - 53 

-1,080 - 44 

172 +210 

124 +138 

131 + 87 

- 99 - 28 

-1,099 - 29 

a/Includes such materials as lead, glass, zinc, and rubber, 
and so forth. 

The material composition of light trucks will also shift. 
By 1981, the average light-duty truck will contain 492 lb. 
fewer of traditional iron and steel, and 241 lb. more aluminum, 
plastics, and HSLA steel. The trucks will be at least 250 lb. 
lighter. 

FLEXIBILITY IN MATERIALS SUBSTITUTION 

Materials substitution will increase in cars and trucks 
of the 1980s. The average 1975 domestic car contained over 
300 lb. of aluminum, plastics, and high strength, low-alloy 
(HSLA) steel. By 1985, the amount of these materials used in 
the average car will more than double; an increase of about 
241 lb. will be used in light trucks. These substitute 
materials will, at the same time, reduce the quantity of iron 
and steel used. 

Material substitution is a flexible strategy that allows 
different manufacturers to use different materials to meet 
their particular goals. For example, car bumpers recently 
have been made out of aluminum ('78 Buick Century), plastic 
('79 Ford Mustang), and HSLA steel ('79 Mercury Marquis). 
Automobile manufacturers choose materials based on such fac- 
tors as weight savings, manufacturability, and price. Many 
components and parts for future cars are already being con- 
sidered for a substitute material. While final decisions on 
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specific materials to use for components are usually made at 
least 18 months before a new car is introduced, procurement 
and tool construction times after engineering release (includ- 
ing materials specification) often far exceed 18 months. 

The various substitute materials have different weight- 
saving characteristics. For example, aluminum can be substi- 
tuted for iron and steel at a SO-percent weight savings. For 
every 50 lb. of aluminum that go into a passenger car or light 
duty truck, 100 lb. of iron or steel are eliminated. HSLA 
steel usually substitutes for iron and steel at 30-percent 
weight savings. Weight savings by the use of plastics varies 
from 40 to about 80 percent, depending on which one of the 
wide variety of plastics is used. 

The ease of manufacturability will affect the automobile 
industry’s choice of which particular substitute material 
to use. Forming, joining, surface, and durability aspects 
of substitute materials are different from iron and steel. 
For example, manufacturers, in turning to aluminum components 
and parts, anticipate that 

--new dies and designs will be required in most cases 
because the gauge of aluminum components and parts 
must be thicker to provide adequate strength; 

--spot welding of aluminum will require significant 
changes in welding equipment, procedures, and elec- 
trical capacity: and 

--special processes must be established to control 
corrosion where a part interfaces with steel. 

Plastics, too, will offer their own manufacturability 
considerations: 

--Efficient processes for forming larg? plastic parts 
will require completely different types of tools, 
equipment, and facilities from those used for steel. 

--New bonding processes need to be developed for 
plastics. 

--Exterior surface conditions (sink marks, pits, 
porosity) of plastic sheet applications must be im- 
proved to assure customer acceptance. 

Even HSLA steel, with its more traditional properties, will 
require some changes in the manufacturing process--forming, 
welding, and painting. 
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In addition to the maunfacturability of substitute 
materials, auto manufacturers will also be virtually con- 
cerned with the range of prices of the various substitute 
materials. At the low end is HSLA steel sheet, which, as of 
1977, sold for an average of $0.18 per lb. Aluminum prices 
in 1977 were much higher, ranging from $0.53 per lb. for 
ingot to $1.32 for flat sheet. During this period, the prices 
of plastics in their various shapes and forms ranged from 
$0.36 per lb. for sheet molding compound to $20.00 per lb. for 
advanced, graphite-reinforced plastics. 

Virtually every component and part of the car and light 
truck are given consideration by the automobile manufacturers 
or material suppliers for substitute materials. These range 
from such small items as hinges, air cleaners, intake mani- 
folds, brake drums, and brake cylinders to such larger com- 
ponents as hoods, bumpers, trunk lids, and wheels. One 
domestic automobile manufacturer and its suppliers are ex- 
perimenting with a 5-piece car body made of plastics, rein- 
forced with.graphite and glass fibers. 

LESS STEEL AND IRON 
USED IN DOWNSIZED CARS 

Downsizing will eliminate an essential 750 lb. of iron 
and steel from the average car by 1981. Downsizing reduces 
the exterior dimensions of a vehicle without significantly 
affecting its passenger or load-carrying capacity. 

The following drawing of a 1976 full-size car and its 
1977 downsized counterpart shows that the interior dimensions 
of the 1977 model are greater though the exterior is a foot 
shorter. The 1977 model is 738 lb. lighter. 
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1976 

Downsizing is Idore vividly shown through an overhead view of 
another 1977 car and its 1978 version, after 689 lb. were 
eliminated tllrough downsizing. (See next page.) 
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1977 
Model 

Car 

1978 
lNode 1 

Car 

General Motors was the first domestic manufacturer to 
begin downsizing to reduce weight. Beginning in model-year 
1977, General Motors reduced the length and width of its 
full-size models, saving approximately 700 lb. per car. This 
weight reduction helped boost fuel economy from 15 miles 
per gallon to 18 miles per gallon. General Yotors' 1978 
intermediate cars were also downsized and weights were re- 
duced by 975 lb. 

The other manufacturers have also downsized parts of 
their fleets. For example, Ford's model-year-1979, full- 
size Ford LTD and Mercury Marquis were redesigned to eliminate 
900 pounds for each. Chrysler also redesigned some of its 
1979 full-size cars. The weights of the New Yorker, Newport, 
and Dodge St. Regis were each reduced by 800 lb. 

As another part of the strategy to produce liqhter weiqht 
cars, Chrysler and American Motors have phased out some of 
their full-size cars. For example, Chrysler no longer pro- 
duces large Plymouth model cars, and American Motors discon- 
tinued the production of its Matador model. 
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CATALYTIC CONVERTER 

National air pollution control standards for 1975 re- 
quired automobile manufacturers to reduce hydrocarbon and 
carbon monoxide exhaust from cars. To do so, the automobile 
companies developed an oxidation converter to change these 
pollutants to carbon dioxide and water. The most effective 
catalysts for producing this conversion are noble metals, 
i.e., plat.inum and palladium. 

More stringent air pollution 
oxides in auto exhausts, 

standards, to reduce nitrous 
will be added to existing standards 

in 1981. Meeting the 1981 standard will require a catalytic 
converter using rhodium, r noble metal in the platinum 
9 roup. Most passenger cars will probably have a three-way 
converter to sinultaneously control carbon monoxide, hydro- 
carbons, and nitrous oxides. 

In addition to reducing air pollution, use of the cata- 
lytic converter in 1975 reversed an 8-year trend of declining 
auto fuel economy. Mileage had slipped from an average of 
15.5 miles per gallon in 1967 to 13.9 miles per gallon in 
1975. The catalytic converter allowed manufacturers to 
retune engines and to reduce exhaust emissions, resulting 
in an average 15.6 miles per gallon in 1975 cars. 
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d “‘. t UNITED STATES DEPARTMENT OF COMMERCE 
v’;,. . 1 -- ; The Assistant Secretary for Policy 

9 .** 4-v.< , “‘,,I B I! I” ;‘c231! 
-.r.* ,tJ 

July 6, 1979 

Mr. Henry Eschweqc 
Director, Community and Economic 

Development Division 
IJ. S. General Accountirq Office 
Washington, D.C. 20548 

Dear Mr. Eschwege: 

The RepOrt entitled, "Policy Process Needed to Recognize Interrelationship 
Between Materials, Energy, and the Environment: A Case Study on the 
Automotive Fuel Economy Standards, "*which was prepared by your staff, 
makes a strong argument for giving qreater attention to raw materials 
questions when settinq energy and environmental policy goals. The 
automotive fuel economy standards provide an apt case for study. 

We agree with you that there are tradeoffs between fuel economy and other 
public goals. Materials policy goals are among the set of national goals 
that must be balanced with fuel economy otjectives. Increased demands 
for aluminum and other automobile components required to meet milcs-per- 
qallon standards are likely to raise both prices and import levels of 
these commodities. The proper balance of these competing objectives 
should be determined by explicit consideration of the benefits and costs 

of alternative, feasible fuel economy standards. 

We appreciated the opportunity to review your draft report. 

Sincerely, 

retary for Policy 

T/C,AO note: The t.it.le of our draft report. was ch?nqed to 
"Policy Conflict--Enerqy, Environmental, and 
Faterials: Automot.ive Fuel-Economy St.andards 
Impllcat Lens for Plater ials." 
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JUL 12 1979 

!Ir. J. Dexter Peach 
Director, Energy and Vinerals 

Division 
General Accounting Office 
Washington, D.C. 20548 

Dear Mr. Peach: 

We have the following comments on the GAO Draft Report, “Policy Process 
Needed to Recognize Interrelationship Between Materials, Energy, and 
the Environment: A Case Study on the Automotive Fuel Economy Standards”* 
(EMD-79-72) : 

1. We agree that the Government should evaluate the impact of 
proposed legislation, regulations, and programs on mineral 
supply and demand. At present, the Bureau of Mines does 
attempt to include the impact of such factors when it 
forecasts minerals supply and demand. For example, in the 
past 11 years, the Bureau has made substantial downward 
revisions in its estimate of U.S. primary aluminum demand 
in the year 2000: in 1968, the Bureau forecast demand at 
28 million tons; by 1976, the forecast had been trimmed 
several times to 18 million tons. 

2. In addition, the Bureau has ongoing research programs 
directed towards the alleviation of impending problems, 
Regarding automobile-related problems, the Bureau is 
working alone or with industry participants to recover 
plastics from junked cars, provide for smokeless 
incineration of such automobiles, recover aluminum and 
precious metals (from used catalyric converters) from 
scrapped cars. . 

3. Furthermore, the Office of Minerals Policy and Research 
Analysis (OMPRA) feels that the particular case study 
presented -- the impact of mileage standards on steel 
use -- may not be a good example. In the absence of 
price controls on gasoline and oil, U.S. consumers 
would have demanded more fuel-efficient vehicles. This 
would have led the U.S. auto industry to produce smaller and 

L/See GAO note, p. 30. 
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lighter vchiclcs, which use less steel, 
effcctivcly I*ith fuel-cffic icnt imports. 
use woulrl pwl’;ll,1y klvc t-al lcn. 

.I . ‘l’hc linvironmcntal 1.3~ Divis ion of the So 

n order to compete 
.\s :I result, steel 

icitor’s Office 
suggests that ;A section on spcc‘i fit cnvi ronmental ramifica- 
tions of mllc:tgc and air qu:llity standards would strengthen 
t ho ovcral 1 report. 

5. ‘l’hc Bureau of Nines has made some typographical corrections 
;InJ h;is updated informstion on the 3tt:lchcd pngcs of the draft 
report. ‘I‘he most 5ignificnnt chqz,c is ~1 I;lrgr reduction in 
the dcmxu.l for rhodium in 1981 model cars. 

ksistnnt Secrctxiry 
Policy, Hutlget, and .4dministr;ltion 

CA0 not c : The t;kle of our draft. report was changed t-0 
“Pol;cy Confl;ct--Fnerqy, Env;romental, and 
?Iater;als: Aut.omot. ;ve Fuel-Economy St.andards’ 
Imp1 ;cat.;ons for Plat.er lals. ” 
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OFFICE OF THE SECRETARY OF TRANSPORTATION 

WASHlhGTON. D.C. 2OSB0 

AS8lSfANT 9cc RCTARV July 31, 1979 
FOR ADMINIJTRATION 

hr. ;!enry %ch~ge 
Director 
Community and Economic 

Develqent Division 
II. 5. General Accounting Off ice 
Z&tington, D.C. 20548 

Dear IQ . Sschwege : 

l;e have enclosed two copies of the Departr’ent of Transportation’s 
(WI’) reply to the General Accounting (GAO) draft report, 
“Policy Process Needed To Recognize Interrelationship “between 
Materials Energy, and the Environment: A Case Study on The Automotive 
Fuel Economy Standards. ” * 

The CA0 report argues for a national “policy process” to examine and 
coordinate the some&es conflicting policies relating to materials, 
energy, and the environment. \;e do not object to this goal although 
we do have concerns over whether yet another “process” will aid the 
Government in considering the consequences of its actions. In this 
sense, we believe that existing mechanisms for coordination should 
and do provide the necessary framework for considering the interrela- 
tions among materials, energy, and the environment that GW desires. 
F@r example, Executive Order 12044, “Improving Government Regulations,” 
ard the corresnotiing implementing DOT directive (FP Vol - 44, ‘lo. 33, 
.F. 11034, February 26, 1979) require that the economic consequences 
of proposed and E inal regulations be fully considered. .le believe 
tI:is is being adeouately done. 

If WE! can further assist you, please let us know. 

Sincerely, 
. 

hxm* 
Edward W. Scott, Jr. 

Lnclosur es 
-----------m.--- 
E/GAO note : The tit.le of cur dra.ft report was changed to 

“Policy Conflict--Energy, Environmental, and 
Mat.erials: Automat ive Fuel-Economy Standards’ 
Imp1 icat. Lens for Mater lals. ” 

L 
II’S ‘ IBW w. 
cm live with 
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CHRYSLER 
CORPORATION 

July 17, 1979 

Mr. J. Dexter Peach 
Director 
Energy and Minerals Division 
U.S. Genera! Accounting Office 
Washington, D. C. 20548 

Dear Mr. Peach: 

In response to your request I have reviewed the draft of your proposed Report 
to the Congress entitled “Policy Process Needed to Recognize Interrelationship 
Between Materials, Energy, and the Enviornment: A Case Study on the Automotive 
Fuel Economy’standards.” [Sea GAO note 1, p. 34.1 

Using motor vehicle fuel economy standards as a case study, your report does 
an excellent job of highlighting the complex relationships existing between 
materia!s, energy, and environmental programs in the U.S. economy. And 
although you clearly state that the report is not intended as a criticism of 
motor vehicle fuel economy standards, the repoTdemonstrates the competing 
demands that result from the pursuit of counterproductive national policies 
in the energy and environmental areas and resultant negative impacts on our 
material resources. 

Your report states that “The auto efficiency standards case illustrates this 
type of situation which the nation, as a whole, has yet to adequately under- 
stand.” We in the auto industry wholeheartedly agree with this assessment. 
I have been in constant communication with legislators, administrative agencies, 
and consulting study groups since the regulatory onslaught heated up in the 
late lg6Os, all in an effort to apprise them of the major risks to the U.S. 
economy and potential dislocation to the auto and supplier industries created 
by the unnecessarily stringent auto fuel economy, emissions and safety regula- 
tions. 

As a result of the auto industry experience with the regulatory environment I 
cannot agree with the conclusions of your study that to cope with critical 
materials problems a need exists for an institutionalized policy and planning 
process supported by legislative actions. Let me briefly explain why I 
concur with the analysis contained within your study, but do not agree with 
the suggested solution. 
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Mr. J. Dexter Peach 
July 17, 1979 
Page 2 

Chapter 2 of the report “Significant Changes Taking Place in the Motor Vehicle”* 
correctly identifies weight reduction as a corner-stone of the auto manufacturers’ 
strategy to meet fuel economy standards. This implies major changes in the 
quantlties and types of materials which will be used on both passenger cars and 
trucks in the future. 

Chapter 3 of your study, “Possible Effects on Haterials”**identifies many of the 
potential changes in material usage which will occur as a result of the major 
redesign and mix of products that will be produced by the auto industry in the 
future. The subsection outlining the fact that rhodium demand may exceed availa- 
bility is an excellent example of the kinds of problems which Chrysler anticipated 
and identified to the EPA when they established emission standards forcing the 
use of catalysts on American cars. The statement that “It appears that more wish- 
ful thinking than hard analysis has gone into the possibility that (I) the U.S. 
might not be able to obtain adequate rhodium for its automobiles or (2) the price 
of rhodium would literally explode by up to almost 700%” is quite true. It is 
further true that the government when establishing and implementing various 
enerav and environmental policies has done so without adeauatelv recognizing the 
impacts on materials availability and the basic domestic material 
Again, this aspect of the regulatory environment seems to be well 
in Chapter 4 of your report. 

ndustries. 
dentified 

There is no doubt that the potential materials problem is real. A 
in Business Week magazine stated “That America’s industrial might 
threatened by the deepening energy mess - is in for another resour C’ 

recent article 
al ready 

e crunch.” 
The article suggested that growing U.S. dependence on foreign supplies of vital 
materials, almost entirely imported from unstable or potential hostile nations, 
is most ominous. Some experts warn that we may be dangerously dependent on 
foreign sources for a significant portion of our materials requirements in the 
future. Further, they point out that the U.S. is already a major importer of 
materials and that the U.S. mineral trade deficit could approach $100 billion 
by the year 2000. Inflation, ever-increasing layers of environmental and safety 
regulations, price controls, low-cost foreign producers, and emerging cartels 
are all cited by industry sources as reasons for increasing foreign dependence. 
All of this is reminiscent of the current petroleum/energy dilemma. I believe 
one lesson we should have learned by now is that more controls and more regu- 
lations will not produce one more barrel of oil or one more ounce of rhodium. 

Controls are a disaster. No matter how good our intentions as a nation, what 
models we use, or how ingeniously we design regulations, controls can never 
efficiently replace the millions of economic decisions that are necessary in 
the marketplace to adjust to changing conditions of supply and demand. It is 
not possible in our infinitely complex domestic and world economy to have 
enough information to do an intelligent iob of planninq and control. Rea I 
pricing and supply signals are the best way to communicate the need for increasing 
capacity, substitution, or new development. 

--------------- 
*/See GAO note 2, p. 34. 

z/See GAO note 3, p. 34. 
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Hr. J. Dexter Peach 
J'J'Y 17, 1979 
Page 3 

I am encouraged that the 1979 Joint Economic Committee Report of the Congress is 
beginning to recognize our basic problem. It points out that the Arab oil 
embargo and the subsequent behavior of the OPEC carte1 suddenly and dramatically 
began to force the attention of the country and its economic experts on the 
supply side of the economy. The report emphasizes the need to stimulate jobs 
creating new investment and recommends consideration of incentives to encourage 
industrial research and development. It calls for a more rational and effective 
requlatory system. All of these recommendations are designed to advance the 
theory that expanding the capacity of the economy to produce goods and services 
efficiently is the most effective policy to combat major economic imbalances. 

I n summary, we agree that the complex regulations and controls that have been 
put in place in the past several years in energy, safety and environmental 
areas are having a major adverse impact on the resources of this nation. We 
believe your report makes a major contribution in identifying and recognizinq 
this negative impact. However, we hope that by now we have learned that the 
cure for these ills is not more regulation and more controls, which stifle the 
supply side of our economy and exacerbate our basic problems. 

Very truly yours, 

CHRYSLER CORPORATION 

1 
S. L. Terry 
Vice President 
Public Responsibility and 

Consumer Af fai rs 

/ms 

. 

GAO note 1: The title of our draft reoort was chanaed to 
"Policy Conflict.--Enerqy,LEnvironment.ai, and 
Mat.er ials: Aut.omotive Fuel-Economy St.andards' 
Imp1 LcatLons for Materials." 

GAO note 2: The title of this chapter was changed to 
"Significant Changes in Motor Vehicles." 

GAO note 3: The title of this chapter was changed to 
"Possible Effect on Materials." 
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Cord Motor Company Thr American Road 
Dorrborn. Mlchlgan 46121 

July 25, 1979 

Mr. J. Dixter Peach 
Director, Energy and Material8 Division 
United States General Accounting Office 
Washington, D.C. 20548 

Dear Mr. Peach: 

Thank you for the opportunity to comment on the General Accounting 
Office draft study of the Interrelationships among materials, energy and 
the environment resulting from automotive fuel economy standards. Your 
letter to Mr. George A. Ferris and the study were referred to me for reply. 

We are pleased that GAO is attempting to understand the side-effects 
and full implications of government regulation, In this case fuel economy 
standards, and report them to the Congress. As our specific comments 
indicate, the materials issuas are being dealt with adequately. We would 
hope that GAO’s analysis functions would continue, but that permanent 
institutionalizing of areas studied, such as materiels, would not follow. 
Materials management has and is working well under free enterprise, and 
there is no apparent reason why that won’t continue to work well. com- 
ments on the study follow. 

The study may overstate future requirements for lightweight materials 
due to a downsizing assumption and the omission of secondary aluminum. 
Rhodium and platinum production requirements may also be overstated. For 
example, 

. Vehicle downsizing will likely continue past 1981 as manufacturers 
seek to remove weight and imp’rove fuel economy. Since relative 
cost will be the decisive factor in determining the extent of 
downsizing versus materials substitution, the study’s heavy 
emphasis on materials substitution after 1981 may be over- 
stated. 

. In addition to downslzing and material substitution, component 
redesign (i.e., thin glass and thin walled castings) plays an 
important role in reducing vehicle weight. 
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Mr. .!. Dexter Peach -2- 

APPENDIX VI 

July 25, 1979 

. Secondary (recycled) aluminum is a major materials source not 
mentioned in the report. The average 1985 Ford car is forecast 
to contain 115 pounds of cast aluminum, and about half of auto- 
motive cast aluminum is from secondary sources. 

. Ford projects rhodium requirements of 22,000 Troy ounces for 1981. 
This does not support GAO’s projection of 180,000 Troy ounces for 
the industry or the estimate of a 700 percent price increase. 

Although the use of precious metals in catalysts presents some supply 
difficulties, the mine ratio problem discussed might not require the exces- 
sive platinum production indicated in the study. While three-way catalysts 
do require rhodium in excess of the mine ratio, many cars will use a conven- 
tional oxidation catalyst using platinum following the three-way catalyst, 
and conventional catalysts will be used on trucks. Therefore, the overall 
platinum/rhodium ratio will be closer to the mine ratio. EPA’s light duty 
truck emlesion standards for 1983 will have considerable impact if three- 
way catalysts are required. 

Information on rhodium availability can be obtained from Englehard 
Industries and Matthcy Bishop Inc. There is a stockpile of rhodium, reduc- 
ing the likelihood of a short-term rhodium shortage or platinum surplus. It 
appears doubtful that the excessively high prices of these metals projected 
in the study for the early 1980’s will occur. 

The iron and steel industries are separate and distinct, and we recommend 
GAO discuss them separately. Ford projects flat requirements for steel through 
1985, with per unit reductions offset by unit volume growth. On the other hand, 
cast iron usage on the average Ford car is projected to decline 48% by 1985. 
The loss of potential jobs from reduced iron and steel usage should be com- 
pared with increased jobs created by increasing demand for plastics and alumi- 
num . It would be contradictory to reduce vehicle size and weight while main- 
taining yesterday’s levels of iron and steel usage. These transitions have 
happened before without undue disruption when driven by market forces, as when 
steel replaced wood as a major automotive material. Unfortunately, the pace of 
change directed by government regulation often complicates transitions instead 
of facilitating them. Had gasoline prices risen to move the market toward 
small cars on a more evolutionary basis, the transitions might have been 
more orderly. 

HSLA steel is a category of high strength steel (HSS). The alloying 
elements increase the strength-to-weight ratio, not “increase its strength 
while reducing its weight” (page 4).* The amount of HSS steel projected for 
the average 1985 Ford car is substantially above the estimate reflected in 
the study. HSS is currently our most cost effective lightweight material 
substitution. 

The statement on page6 about materials decisions being made at least 
18 months before new car introduction may mislead a reader into assuming un- 
realistically short lead times. Procurement times and tool construction times 
after engineering release (including material specification) often far exceed 
18 months. For example, procurement times for transmission cases are 36 months 
and are up to 50 months for engines. 
---------______ 
l/See GAO note, p. 37. 
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Mr. J. Dexter Peach -3- July 25, 1979 

The materials planning process now underway includes periodic meetings 
with suppliemto give them usage requirements and discuss materials trends. 
This information flow alerts suppliers to the need for capacity changes and 
encourages development of new usages and markets. The system is informal, 
flexible and efficient. Institutionalizing any of this with a government 
department would likely reduce flexibility and efficiency, and complicate 
transitions and adjustments. Periodic studies of specific issues, such as 
this one, should be more than adequate. 

In principle, it is desirable to assess the materials-energy-environment 
interrelationships and balance conflicts in the legislation. In practice, 
however, It is doubtful that the true impact of materials changes could have 
been predicted when the 1975 Energy Act was passed. Downsizing, materials 
substitution and component redesign are evolving situations, and even today, 
forecasts for the mid-1980’s are still uncertain. 

While a national materials policy is not justified due to government 
impacts on materials, there is a need for proper study of policies and pro- 
grams affecting “critical” materials -- those materials essential to either 
national security or the economy for which we are dependent upon foreign 
availability. While there may be proposals for information systems to pro- 
vide early warning, it is our opinion that the spot markets and futures 
markets represent the best answer to that need. 

If we may be of further assistance, please let us know. 

Sincerely, 

Environmental Research 
and Energy Planning 

GAO note: Page references in this appendix were 
changed to correspond with those of 
this final report. The language of 
the cited reference was olarified in 
this final report. 
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GENERAL MOTORSCORPORATION 
GENERAL MOTORS BUILDING 

DETROIT. MICHIGAN 48202 

July 6, 1979 

Mr. J. Dexter Peach 
Director 
U.S. General Accounting Office 
Energy and Minerals Division 
Washington, D.C. 20548 

Dear Mr. Peach: 

We have reviewed the GAO draft report on the 
interrelationship between materials, energy and the 
environment which you sent us on June 12. 

The data relating to car weights and shifts in 
material content from steel and cast iron, for example, 
to more aluminum and plastics seems reasonable. 

Furthermore, we concur with the need to evaluate 
national policies for their impact on material use 
and consumption. Whether the results of the study 
will indicate that further government involvement in 
the area of material usage would be necessary, of 
course, remains in question. Certainly, there is 
room for improvement where standards are established 
that cause an unwarranted shift to lighter, more 
costly materials or those that must be imported. 

Thank you for the opportunity to review the draft. 

Sincerely, 

! ’ 
I I ’ ! 

:h ‘-. -, .’ - 
/’ 

(008270) 38 



Single copies of GAO reports are available 
free of charge. Requests (except by Members 
of Congress) for addit.ional quantities should 
be accompanied by payment of $1.00 per 
COPY. 

Requests for single copies (without charge) 
should be sent to: 

U.S. General Accounting Office 
Distribution Section, Room 1518 
441 G Street, NW. 
Washington, DC 20548 

Requests for multiple copies should be sent 
with checks or money orders to: 

U.S. General Accounting Office 
Distribution Section 
P.O. Box 1020 
Washington, DC 20013 

Checks or money orders should be made 
payable to the U.S. General Accounting Of- 
fice. NOTE: Stamps or Superintendent of 
Documents coupons will not be accepted. 

PLEASE DO NOT SEND CASH 

To expedite filling your order, use the re- 
port number and date in. the lower right 
corner of the front cover. 

GAO reports are now available on micro- 
fiche. If such copies will meet your needs, 
be sure to specify that you want microfiche 
copies. 



AN EQUAL OPPORTUNITY LMPLOYRR 

UNITED STATES 
GENERAL ACCOUNTING OFFICE 

WASHINGTON, D.C. 20548 

o?FlclAL mwmss 
AtWALTY FOR PINATE usR.sJoo 

THIRD CLASS 




